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ABSTRACT 
A 56-day study was conducted to evaluate the effect of dietary supplementation of vitamins C and E on semen 
quality of local toms. Twenty-four toms were procured and randomly divided into four groups (T1, T2, T3 and T4) 
of six birds each and replicated thrice. Birds in T1(control) were fed diets without vitamin supplementation. 
Birds in T2, T3 and T4 were fed diets supplemented with Vitamin C (400 mg), Vitamin E (125 mg), and vitamin 
E (125 mg) + Vitamin C (400 mg) in a kg diet, respectively. Semen collections and evaluations were done 
through to the 8th week. The samples were evaluated for ejaculate volume, progressive sperm motility (mot.), 
sperm concentration (SC), percentage live (LSP) and dead spermatozoa, and total sperm per ejaculate. 
Results showed that all semen quality traits considered differed (P < 0.01) among the treatment groups. Toms 
in T4 had the highest (P < 0.01) values of mot. (88.08%) and LSP (85.23%). The T2 and T3 groups had 
similar mot. (75.39 and 77.15%, respectively) and LSP (71.81 and 76.80%, respectively) values while the 
control group had the least values (54.13 and 54.69%, respectively). The SC (x109/ml) was highest in T4 
(17.42). Toms in T3 had a higher SC level (14.03) than those of the T2 (11.58) and the control (8.92). It was 
concluded therefore, that combined supplementation of vitamins E (125 mg/kg diet) and C (400 mg/kg diet) 
in toms’ diet enhanced semen quality the most and thus, recommended for turkey breeding operations. 
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INTRODUCTION  
Poultry farming is a measure in alleviating poverty 
and addressing the menace of protein insufficiency 
among many households in sub-Saharan Africa, 
particularly, Nigeria (Dim et al., 2018). Poultry has 
been adjudged the fastest and preferred source of 
animal protein compared to other livestock and its 
production offers the highest turnover rate and the 
quickest returns to investment outlay in the 
livestock enterprises (Osokomaiya and Talabi, 
2003; Sanni and Ogundipe, 2005).  According to 
the FLDPCS’ (1992) estimate, local chicken alone 
constitute 69% of the total poultry production in 
Nigeria with turkey, guinea fowl, ducks, and pigeon 
also contributing significantly. The turkey industry 
in Nigeria contributes up to 1.5-2 million tonnes of 
meat per year (Mbanasor and Sampson, 2004). This 
evident improvement in the growth in the industry 
was made possible by intensification of production 
of both indigenous and exotic breeds with standard 
weight ranging from 15 to 17 kg for males and 8 to 
10 kg for females. In most third world countries, 
intensive turkey production has been hampered by 
low number of poults produced. Egg yields in 
turkeys are considered to be lower than those of 
other poultry species. In addition to low egg yield, 
unsatisfactory egg fertility and hatchability constitute 
a major problem for turkey breeding enterprises 
(Ozcelik et al., 2009). This problem is also felt 
with the indigenous breeds that produce their poults 
mostly by natural mating. Male turkeys (toms) are 
known to be rather clumsy when it comes to mating 
to produce fertile eggs. This suggests that natural 
mating may not be the best means of generating 
turkey poults for increased turkey production.  
Turkey producers in especially the developed 
countries use artificial insemination to facilitate 
rapid generation of poults. Amidst fertility problems 
experienced in turkey production, the use of 
artificial insemination in this regard is not popular 
in Nigeria. One problem in artificial insemination 
of turkey includes the production of significant 
number of viable sperm to ensure effective breeding 
of a good number of hens. The avian semen contains 
high concentrations of polyunsaturated fatty acids 
(PUFAs) which is associated with increased 
proliferation of reactive  oxygen species (ROS) and 
lipid peroxidation in sperm (Golzar Adabi et al., 
2011; Alizadeh et al., 2016). When ROS is higher 
than the natural antioxidant defense mechanisms, 
the sperm will be damaged by lipid peroxidation 
and later can result in lowered fertility (Long and 
Kramer, 2003). Normally, spermatozoa are 
protected from ROS and lipid peroxidation by 
various antioxidants and enzymes present in 
seminal plasma (Min et al., 2016). 
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Antioxidants have important roles in avian 
reproduction. Vitamin E is a major natural lipid 
soluble antioxidant present in cell membranes 
which inhibits free radical induced peroxidation 
and is capable of enhancing semen quality and 
fertilizing capacity (Cerolini et al., 2006; Panda 
and Cherian, 2014; Rengaraj and Hong, 2015). 
Available information shows that dietary vitamin E 
supplementation of balanced poultry ration 
significantly supports reproductive functions, 
including semen volume, sperm concentration, 
sperm viability, sperm motility, and sperm cell 
integrity, in avian species (Khan et al., 2012; 
Rakha et al., 2015; Rengaraj and Hong, 2015). 
Vitamin E is getting substantial interest in poultry 
feeding due to its key- role as a dietary antioxidant 
to prevent oxidative stress (Dhama et al., 2014).  
Vitamin C on the other hand is a water soluble 
vitamin with the ability to prevent reactive oxygen 
species (ROS). In seminal plasma, its level is 10 
times greater than serum and its concentration is 
positively correlated with the sperm morphology 
and functions (Yousef et al., 2003). Vitamin C has 
been known to improve semen quality in poultry 
species. Nowaczewski and Kontecka (2005) 
documented that vitamin C contributes 65% of the 
antioxidant capacity of the seminal plasma. 
Dobrescu (1987) demonstrated that supplementation 
of vitamin C at the rate of 150 ppm increases 
semen volume, sperm concentration and total 
number of sperms produced in male turkey breeder. 
Improved semen quality and fertility were also 
reported with vitamin C supplementation in male 
broiler breeders (McDaniel et al., 1998).  
Information in literatures has shown that 
vitamins E and C can facilitate increased sperm 
production in males of various farm animal species. 
However there is paucity of information on the 
combined effects of these two vitamins on the 
semen quality of turkey toms. This study is therefore 
aimed at evaluating the comparative effect of 
vitamin E and vitamin C and their combination on 
semen quality traits of local turkey toms.  
MATERIALS AND METHODS 
Location and duration of the study 
The study was carried out at the Poultry Unit of the 
Department of Animal Science Teaching and 
Research Farm, University of Nigeria, Nsukka. The 
study lasted for a period of 8 weeks. 
Management of experimental animals 
Twenty-four (24) mature local broad breasted 
turkey toms (Meleagris gallopavo) of similar sizes 
and weight (6.42 ± 0.82) were procured and used 
for the study. The toms were sourced from a 
reputable Turkey farm (Okonkwo Farms) in 
Ekwulobia, Anambra State, Nigeria. The toms were 
randomly divided into four (4) treatment groups 
(T1, T2, T3, and T4) of six birds each in a 
Completely Randomized Design (CRD). Each 
treatment was replicated three times with two birds 
per replicate. Toms in T1 served as the control 
group and were fed basal diet without any 
supplementation. Toms in T2, T3 and T4 were fed 
with the basal diets supplemented with 125 mg 
Vitamin E; 400 mg Vitamin C; and combined 125 
mg Vitamin E + 400 mg Vitamin C, respectively in 
a kg diet. The toms were housed and managed in a 
deep litter system and were kept in separate 
experimental pens according to their respective 
replicates. Feed and water were supplied to the 
birds ad libitum. On arrival, anti-stress drug 
(Gentaryl D) was administered to them via the 
drinking water. During the pre-experimental 
period, they were vaccinated against common 
bacterial and viral infections and also dewormed 
after two weeks with piperazine. 
Experimental Diet 
Four experimental diets were formulated and 
compounded for the study. Diet 1 the basal diet had 
no supplemental inclusions of vitamins E and C 
and this served as the diet for the control group (T1). 
Birds in T2 received the basal diet supplemented 
with 125 mg Vitamin E/kg diet. The T3 group 
received diet supplemented with 400 mg of Vitamin 
C/kg diet. Birds in T4 received diets supplemented 
with 400 mg of vitamin C and 125 mg of vitamin E 
per kg diet. The percentage composition of the 
experimental diets is shown in Table 1. 
 
Table 1: Nutrient composition of the experimental 
diet per 100 kg 
Ingredients (Kg) T1 (Control) T2 T3 T4 
Maize  25.89 25.89 25.89 25.89 
Sorghum  19.42 19.42 19.42 19.42 
Wheat offal 19.42 19.42 19.42 19.42 
Palm kernel cake 6.07 6.07 6.07 6.07 
Groundnut cake 10.93 10.93 10.93 10.93 
Fish meal 0.48 0.48 0.48 0.48 
Soya bean meal 6.80 6.80 6.80 6.80 
Lime stone 4.0 4.0 4.0 4.0 
Bone meal 5.0 5.0 5.0 5.0 
Methionine  0.5 0.5 0.5 0.5 
Lysine  0.5 0.5 0.5 0.5 
Salt  0.5 0.5 0.5 0.5 
Premix  0.5 0.5 0.5 0.5 
Total  100 100 100 100 
Vitamin E (mg) 0 125 0 125 
vitamin C (mg) 0 0 400 400 
*Each 1 kg of premix contains: 10,000 IU vitamin (vit.) A; 
2,500 IUvit. D3; 20 mg vit. E; 3 mg vit. K3; 2 mg thiamine; 5 
mg riboflavine; 5 mg pyridoxine; 0.015 mg vit. B12; 40 mg 
Nicotinicacid; 12 mg Pantothenicacid; 0.75 mg folicacid; 
0.05 mg biotine; 100 mg Vit. C; 70 mg manganese/kg ; 60mg  
zinc/kg; 60mg iron/kg; 1 mg iodine/kg; 8 mg copper/kg; 0.25 
mg selenium/kg; and 0.15 mg cobalt/kg. 
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Semen Collection and Evaluation 
Semen collection and evaluation were done twice 
weekly for 8 weeks following stabilization and 
training of the birds. Semen was collected from the 
toms using the abdominal manual massage method 
as described by Al-Daraji (2007). Individual 
ejaculates were collected using a 4 ml graduated 
collection tube and the semen volumes were 
directly read off to the nearest 0.1 ml. The 
determination of the different physical 
characteristics of the semen was made as described 
by Peter et al. (2008). The percentage motility of 
spermatozoa was evaluated immediately after 
semen collection. For this, a drop of semen was 
placed on a warm glass slide and covered with a 
cover slip to evenly spread the semen in the slide. 
The slide was afterwards viewed in the 
microscope (400× magnifications). Observations 
were widely made across different areas on the 
slide for the various samples. Motility was judged 
as the proportion of sperm cells that were motile in 
the various observations made. Sperm concentration 
was determined by the method of direct cell count 
using an improved Neubauer hemocytometer. The 
percentages of live and dead spermatozoa were 
determined using an eosin–nigrosin stained smear 
with oil emulsion and observed under a light 
microscope at 400× magnification. Unstained 
spermatozoa were regarded as live whereas stained 
or partially stained spermatozoa were counted as 
dead. This determination was made over 
observations of about 200 spermatozoa per slide. 
Statistical Analysis  
The data generated were analysed using one way 
analysis of variance (ANOVA) in SPSS software 
(IBM® version 20.0). Differences found among the 
treatment means were compared using Duncan’s 
New Multiple Range Test (Duncan, 1955) and 
accepted at 5% or 1% level of probability. 
 
 
RESULTS  
The results of the effect of dietary supplementation 
of vitamins C and E on the semen characteristics of 
turkey toms are presented in Table 2. The results 
showed that there were differences (P < 0.01) in all 
the measured semen characteristics of volume; 
Progressive sperm motility (%); sperm concentration 
(× 109/ml); percentage live and dead sperm cells; 
and total sperm cells (× 109/ejaculation.) among the 
treatment groups. The semen volume was observed to 
be similar for toms in T3 (125 mg of Vit. E/kg diet) 
and T4 (400 mg of Vit. C+125 mg of Vit. E /kg diet) 
groups (0.20 and 0.22 ml, respectively). These 
values were higher than those obtained for T2 (400 
mg of Vit. C/kg diet) and T1 (control) which had 
similar values (0.12 ml, respectively). For the 
percentage progressive sperm motility, T4 had a value 
which was higher (P < 0.01) than those of the other 
groups. Toms in T2 and T3 had similar (P ≥ 0.01) 
values of sperm motility which were higher (P < 0.01) 
than that of the control group. The T4 group was 
found to have higher (P < 0.01) levels of both semen 
concentration and total sperm cells than those of the 
other groups. Higher (P < 0.01) values of semen 
concentration and total sperm cells were obtained 
for T3 than those observed for T2 and the control 
group. The values obtained for the T2 and the control 
groups were however found to be similar (P ≥ 0.01) 
to each other. The percentage live sperm cells of 
toms were highest in the T4 group (85.23%). This 
was higher (P < 0.01) than those of the other groups. 
However, the toms in T2 and T3 groups had similar 
values of live sperm cells (71.81 and 76.80%, 
respectively) which were higher (P < 0.01) than 
those of the control group (54.69%). 
 
DISCUSSION   
The results showed that supplementation of the 
toms’ diet with vitamin C improved (P < 0.01) the 
percentage progressive sperm motility as well as live  
 
 
 
 
 
Table 2. The effect of vitamin C and E supplementation on semen characteristics of turkey Toms 
 T1 T2 T3 T4  
Parameters   Control Vitamin C  
(400 mg) 
Vitamin E  
(125mg) 
Vitamin C  (400mg) 
and Vitamin E (125mg) 
P Value 
Volume (ml) 0.12±0.02b 0.12±0.02 b 0.20±0.02a 0.22±0.02a ** 
Prog. Sperm. Mot. (%) 54.13±5.81c 75.39±7.11b 77.15±5.81b 88.08±7.11a ** 
Sperm Conc.  
(x109/ml) 8.92±1.09 
c
 11.58±1.34c 14.03±1.09b 17.42±1.34a ** 
Live sperm cells  
(%) 54.69±5.12
c
 71.81±6.27b 76.80±5.12b 85.23±6.27a ** 
Dead sperm cells  
(%) 45.31±2.10
a
 28.19±2.57b 23.20±2.11b 14.77±2.57 c ** 
Total sperm  
cells (x109/Ejac) 1.08±0.34
c
 1.38±0.41c 2.81±0.34b 3.83±0.41a ** 
a,b,c-Means in a row with different superscripts are significantly different(P<0.01); ** Significant (P<0.01); Prog. Sperm. Mot.: Progressive 
sperm motility; Sperm Conc.: Sperm concentration; Ejac.: ejaculation 
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spermatozoa when compared to those of the control 
group. Similar to our findings, reports of 
improvements in the semen quality of poultry 
species have been documented (McDaniel et al., 
1998; Khan et al., 2012). Neuman et al. (2002) 
reported that supplementation of Ascorbic acid by 
up to 300 mg/kg diet in the diet of male turkey 
breeders did not affect the semen quality indices of 
volume, sperm concentration, dead spermatozoa, as 
well as the size of testes. Also, contrary to the 
findings of this study, Ascorbic acid did not improve 
sperm motility, viability and membrane integrity in 
the semen of turkey toms as reported by Donoghue 
and Donoghue (1997). Supplementation of Ascorbic 
acid (up to 200 mg/kg diet) in the diets of breeder 
turkey toms have also been shown to improve 
semen volume and concentration (Dobrescu, 1987; 
Noll, 1993), an observation that is contrary to what 
we recorded in the present study. The improvement 
observed in the sperm motility and live and dead 
spermatozoa of the T2 toms when compared to the 
control group could be attributed to the anti-
oxidative properties of Ascorbic acid. It is known 
that the membranes of the avian spermatozoa often 
contain high concentration of polyunsaturated fatty 
acid (PUFA) and that this attribute of the 
membranes makes them very sensitive to lipid 
peroxidation. The antioxidant vitamin C (Ascorbic 
acid) is inherently found in both the spermatozoa 
and the seminal plasma as stated by Surai et al. 
(2001). Ascorbic acid has been documented to 
protect the DNA of spermatozoa from oxidative 
damages (by scavenging reactive oxygen species, 
ROS) with a resultant preservation of the integrity 
of the spermatozoa membranes and genes (Fraga et 
al., 1991; Luck et al., 1995). This phenomenon is 
thus the likely reason for the observed improvement 
in percentage sperm motility and live spermatozoa.  
Vitamin E administrations to poultry have been 
commonly known to markedly improve 
reproduction and productivity in general (Surai, 
1999). Supplementation of vitamin E in the diet of 
turkey toms was observed to improve all the semen 
quality parameters considered in the present study.  
These results are in line with the reports of Gorgy 
(2013) who documented a marked improvement in 
the semen quality traits of sperm concentration, 
sperm viability, and sperm motility in toms by 
vitamin E. Several other reports of improvement in 
reproductive functions as well as semen quality in 
poultry species have also been recorded (Franchini, 
et al., 2001; Lin et al., 2005; Biswas et al., 2009; 
Rakha et al., 2015; Rengaraj and Hong, 2015). The 
generation of reactive oxygen species has been 
implicated in alterations in the fluidity of sperm 
membranes; DNA and protein damages; and a 
resultant reduction in sperm motility and fertility 
(Lopes et al., 1998; Sanocka and Kurpisz, 2004).  
Just like VC, VE is also an important natural 
antioxidant in the semen of chicken and turkey and 
has been commonly referred to as the anti-sterility 
vitamin (Shamma et al., 2016). Thus to sustain the 
production of viable and fertile sperm cells, it is 
necessary to ensure that the antioxidant complex 
protects the PUFA rich sperm membranes from lipid 
peroxidation and the likely resultant impairment of 
sperm cells  and fertility loss (Suraı et al., 1997). 
According to Surai et al. (2001), the concentration 
of VE is higher in the spermatozoa than in the 
seminal fluid. This enhancement in the semen 
quality of turkey toms observed in our study could 
possibly stem from the anti-oxidative role of VE in 
limiting lipid peroxidation in spermatozoa 
membranes. According to Cerolini et al. (2000), VE 
limits oxidative damages in cells through their 
scavenging actions on the toxic free radicals 
(particularly reactive oxygen species, ROS). In 
addition to this, Surai et al. (2001) reported that VE 
can also cause an increase in the superoxide 
dismutase and glutathione. Hence the semen quality 
improvement capacity of VE is attributable to its 
ability to enhance the efficiency of antioxidant 
system and consequently meliorate oxidative stress 
in the sperm cells with a resultant maintenance of 
the optimum fertilizing capacity as stated by 
Shamma et al. (2016). Better semen quality was 
obtained with VE supplementation than with VC. 
This report is in line with that of Yousef et al. 
(2003) and Massaeli et al. (1999) who stated that 
VE was a more efficient antioxidant than VC.  
The combined supplementation of vitamins C and 
E (in T4 group) was observed to improve semen 
quality the most. Toms in T4 performed better than 
those of the T3 (Vitamin E alone) and other groups 
in the semen indices of Progressive motility, Sperm 
concentration, total sperm cells, and the percentage 
live sperm cells. This observed marked improvement 
could be attributed to a possible synergistic effect of 
the both vitamins (C and E) to achieve a better 
antioxidant protective role for the spermatozoa. 
Similar to our findings, Min et al. (2016) reported a 
decrease in the oxidative stress markers in the 
serum, semen and testes; as well as an increase in 
serum testosterone levels and semen quality indices 
in induced dexameth as one stressed breeder 
roosters when VC and VE are fed combined than 
individually in the diet. Several other reports of 
improvement in semen quality with combined 
supplementation of VE and other antioxidants such 
as selenium and fatty acids have been documented 
(Ebeid, 2012; Surai, 2002; Agarwal et al., 2005). 
According to Padayatty et al. (2003), VC represents 
a very integral part of the antioxidant system in the 
extracellular space. It can cause a reduction of ferric 
(Fe3+) to ferrous ions (Fe2+) ions; an enhancement in 
the anti-oxidative status of the serum (Whitehead and 
Keller, 2003), Semen (Martínez-Páramo et al., 2012), 
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testes (Ashamu et al., 2010); and an improvement in 
the antioxidant activities of VE. This could be the 
reason for the observed better performance of the 
toms fed the combined VC and VE supplementation 
when compared to the individual supplementations 
of the respective vitamins in this study. 
CONCLUSION  
In conclusion, this present study showed that 
though individual supplementation of either VC or 
VE improved semen quality, combined 
supplementation of the two Vitamins (C and E) 
produced a better quality semen in turkey toms. 
Therefore combined dietary supplementation of 
vitamins C and E can be used to improve 
reproductive performance particularly in turkey 
breeding programmes. 
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